The present paper deals with the synthesis of cobalt(II), nickel(II), copper(II) and cadmium(II) complexes with two bidentate ligands, L 1 (3-(quinoxaline-2-yl)-coumarin) and L 2 (2-methylene-2H-chromene-3-(methyl carbonimidic)thioanhydride). The L 1 ligand was prepared by treating ω-bromo-3acetylcoumarin with 1,2-phenylenediamine whereas the ligand L 2 was prepared through substitution reaction of ω-bromo-3-acetylcoumarin with potassium thiocyanate in ethanol medium. The confirmation of the structures for L 1 and L 2 were done by (C.H.N.S.) elemental analysis, FT-IR, NMR and mass spectra. The metal complexes of cobalt(II), nickel(II), copper(II) and cadmium(II), with L 1 and L 2 , were prepared and isolated in the solid state and then characterized by (C.H.N.M) elemental analysis, proton and carbon-13 NMR, FT-IR and mass spectra. Furthermore, the thermal analysis (TG-DSC) for some complexes assisted us in the elucidation of the suggested structures of complexes and confirmed their thermal stability. The results obtained from elemental analysis, magnetic susceptibility and thermal analysis confirmed that all metal complexes were formed in 2:1 molar ratio of ligand to metal with octahedral structures except cadmium(II) complexes which were in a tetrahedron geometry with 1:1 mole ratio. The complexes are found to be soluble in DMF and DMSO. The results obtained from TG-DSC analysis revealed that the metal complexes were thermally stable with point decomposition over 350 °C. The DFT/TDDFT calculations were carried out to provide the electronic structures and spectra of the compounds.
■ INTRODUCTION
The metal complexes possessing chromen-2-one and pyrazine rings have gained attention in the field of the pharmaceutical industry [1] [2] [3] . It is well-known from literature, the transition elements complexes with bidentate Lewis bases of coumarin have known during the last decades as antitumor agents [4] [5] . As well as the semicarbazone of pyrazine derivatives with their metal chelate have adopted as active materials in the treatment of rare diseases [6] [7] . The coordination chemistry of coumarin ligand has great interesting in the field of colorimetric determination of trace amounts of heavy metals [8] . The antimicrobial activity of coumarin nucleus and antioxidant activity [9] has a great important effect like antibacterial, antithrombotic and Esculetin, a coumarin compound can inhibit the growth of human leukemia [10] . As it has been investigated in the literature, the biological activity of some chromene derivatives are significantly enhanced by binding to metal ions [11] [12] . In continuation with the description of new metal complexes of quinoxaline and coumarin ligands, we report the synthesis, characterization and thermal study of some first-row transition metal complexes with two ligands derived from 3-bromoacetylcoumarin-2-one. The gaining comprehensive insight into the properties and chemical behavior of the transition metal complexes, the quantum chemical calculations using density functional theory (DFT) and timedependent density functional theory (TDDFT) have been carried out to authenticate the plausible geometry of the titled compounds. Here in, the electronic structures, also electronic excitations together with the nature of the frontier orbital are interpreted by theoretical calculations.
■ EXPERIMENTAL SECTION Materials
All chemicals were of reagent grade, and solvents were dried and distilled before use according to the standard procedures. 3-Acetylcoumar-2-one was purchased from Sigma-Aldrich company and other starting materials like potassium thiocyanate and 1,2phenylenediamine were supported from laboratories of the Chemistry Department, College of Science, Mustansiriyah University. The hydrated chlorides CoCl2·6H2O, NiCl2·6H2O, CuCl2·2H2O and CdCl2·2H2O and were purchased from Alfa company, and were used without further purification as received. The measurements of molar conductivity were made on a Hanna conductivity bridge with a cell constant 1.0 cm -1 . The magnetic susceptibility measurements were made on Gouy's balance at room temperature using Hg[Co(SCN)4] as calibrating on Sherwood magnetic balance. The FT-IR spectra were recorded in a KBr and CsI matrix using a Shimadzu FTIR spectrometer model 983. The electronic spectra in the range (200-1000 nm) were done for all complexes and the free ligands complexes in DMF and ethanol solutions were scanned on Carry 2390 Instrument. TG and DSC (Differential Scanning Colorimetric) thermograms in different ranges were carried out at (R.T) heating rate = 10 °C/min (Linseis STA PT-1000) were run on service laboratories of Ibn-Haithum college of education, University of Baghdad. The metal contents of the complexes were determined by flame atomic absorption spectroscopy on A Spect LS/FL 1.3.0.0 model. The magnetic susceptibility of the solid complexes was measured according to Faraday's method using auto Magnetic susceptibility Balance Sherwood Scientific. The mass spectra were performed using the instrument: GC MS-QP 2010 VLTRA, University of Mustansiriyah.
Procedure

Synthesis of ω-bromo-3-acetylcoumarin
The preparation of bromo-3-acetylcoumarin was carried out according to the method described in the literature [12] , (Scheme 1).
Synthesis of L 1 ligand
A solution of (5 mmol) ω-bromo-3-acetylcoumarin and (5 mmol) 1,2-phenylenediamine in absolute methanol (20 mL) was refluxed for 4 h. The solid obtained was filtered, washed with ethanol and dried under vacuum. The crude product was recrystallized from ethanol/ benzene mixture to give compound 11 as pale brown crystals, (Scheme 2 
Synthesis of L 2 ligand
A solution of compound (2) (10 mmol) in methanol (40 mL) was refluxed with potassium thiocyanate (10 mmol) for 3 h. The solid formed on cooling filtered off, washed with ethanol and dried under vacuum. The product was then recrystallized from acetic acid to afford brown needles, (Scheme 3 
DFT procedure
The electronic structures of the two series of Schiff base ligands, L 1 and L 2 , and their metal complexes including Co(II), Ni(II), Cu(II) and Cd(II) have been optimized by density functional calculations (DFT) without any symmetry constraints, employing the Gaussian 09-package [13] . Frequency calculations were performed on all the optimized geometries to ensure the correct local minima. Al the calculations were carried out in the framework of the Becke three-parameter hybrid exchange and Lee-Yang-Parr correlation functional (B3LYP) together with a split-valence Pople basis set plus polarization and diffuse functions, 6-31+G(d,p) for H, C, N, O, Cl and S atoms and a double-ζ quality LANL2DZ basis set for metal atoms [14] . All the "inner electrons" of metal ions were replaced and described with a scalar relativistic electron core potential (ECP). Time-dependent density functional theory (TD-DFT) calculations were performed to obtain the UV-Vis spectra and characterization of the frontier orbital, at B3LYP/6-31+G (d,p) level with the polarized continuum model (CPCM) in DMF solvent [15] .
■ RESULTS AND DISCUSSION
Analysis and Physical Measurements
All the complexes are sparingly soluble in common organic solvents but highly soluble in DMF and DMSO. The analytical data indicate that the complexes are mononuclear with a 2:1 molar ratio of ligand to the metal ion. The molar conductance in DMF for all complexes are in agreement of their structures with no remarkable conductivity due to absence of chloride counter ions while the cadmium(II) complexes were electrolyte in 2:1 ratio due to the motion of positively ionic complex and chloride counterion [16] , and the complexes have the formula [M(L 1 )2Cl2]·H2O where M = Co(II), Ni(II), [Cu(L 1 )2Cl2] and [Cd(L 2 )2]Cl2·2H2O. Fig. 1 clearly exhibits the molecular ion peak m/e = 188 which agree well with the formula C11H8O3 [16] . As well as the bromination of 3-acetyl coumarin (A) by Br2 in chloroform solution leads to A2 derivative which its mass spectra in Fig. 2 displays a base peak at 267 that is consistent withC10H7O3Br. However, the other peaks at 186 and 88 are extremely attributed to M-Br+ ion. The ring closure of 1,2-phenylenediamine with A2 derivative, Scheme 3 results in ligand L1 which shows molecular ion m/e = 274 at relative intensity 100% then supports the proposed structure of the L 1 ligand. On the other hand, the Fig. 3 represents the mass spectra of L 2 ligand which shows absorptions at 245, 244, 192, 160, 128 and 81 that are assigned to C12H7NSO3 and fragments of M-SCN, M-CH2SCN and the base peak of C5H5O + respectively [17] , Fig. 3 .
Mass Spectra
NMR Spectra
The 1 H-NMR spectra of the L 1 ligand in a d6-DMSO solvent. Fig. 4 shows multiple signals at 6.5-7.90 ppm, corresponding to the eight protons aromatic ring protons 13 C-NMR spectra of L 2 in d6-DMSO solvent of the phenyl and pyrazine moieties [18] . The singlet at 4.60 ppm was attributed to the two protons of the -CH2-Br group [10] . The signal of the -NH proton in the quinoxaline moiety was observed at 9.55 ppm, and the singlet peak at 8.77 ppm is attributed to H-C=C-in position 4 of the coumarin ring. As well as the Fig. 5 shows the 13 C-NMR of L1 in d6-DMSO which displays resonance peaks related to aromatic -C=C-in the regions (113-125) ppm and 127-131 ppm are assigned to -C=O, -C=Nand -C-N moieties respectively. The Fig. 5-6 show the 1 H and 13 C-NMR spectra of L 2 in d6-DMSO where the absorptions in the region 6.2-7.80 ppm are ascribed to Ar-H protons and the chemical shift at (8.04-8.70) ppm are assigned to protons of the annulated coumarin ring [12] [13] [14] [15] [16] . The singlet peak at (11.40-11.50) ppm may be attributed to H-C=C of the coumarin ring in C4 position. However, the weak peak at 4.10 ppm could be assigned to CH2-Br due to the effect of electronwithdrawing effect of bromine and thiocyanato groups on the deshielding of aliphatic protons toward the weak magnetic field [11, 19] .
FT-IR Spectra
The appearance of medium absorptions around (780-870) cm -1 in the IR-spectrum of ω-bromo-3acetylcoumarin confirms the bromination on methyl group of the starting material [16] [17] [18] [19] [20] . As well as the strong absorptions in the IR spectrum of L 1 around 2962, 1710, and 1630 cm -1 could be attributed to aliphatic -CH2-, -C=O of pyran ring and -C=C-moiety respectively [12] . Furthermore, the IR spectrum of ligand L 1 exhibited medium band at 1630 cm -1 assigned to -C=N-of quinoxaline moiety then support the ring closure up on condensation with 1,2-phenylenediamine [13] . However, the L 2 ligand displayed distinct bands around 1450-1590, 2230-2130 and 1735 cm -1 assigned to -C=N-, -S-C=Nand -C=O respectively then confirms the proceeding the nucleophilic substitution of -SCN on the carbon atom bearing -Br moiety [11, 17] . The comparison of the positions of these bands with those observed in the infrared spectra of its Ni(II), Co(II), Cu(II) and Cd(II) complexes indicated that the band at 1670-1705 cm −1 showed a marked shift, this discussed that carbonyl group shared in the chelation toward metal ions under study, whereas the broad bands around (3328-3306) cm −1 may be resulted from stretching vibration of coordinated water molecules in the structures of metal complexes [17] . This fact suggests the coordination of L 2 through the nitrogen -S-CN and oxygen of -C=O together and tending to form stable complexes. The observed medium intensity band at 912 cm −1 in the free L 2 ligand assigned to the rocking of δ(CSC) moiety with lowering in their energies in all IR spectra of metal complexes to a range 890-910 cm -1 confirming the participation of nitrogen atom in bonding with the empty orbitals of the metal ion [1, 12] . On the other hand, the new absorptions in the regions 400-470 and 490-5440 cm -1 are ascribed to M-O and M-N bonds [21] [22] .
Magnetic Measurements
The magnetic susceptibilities of the complexes, recorded at room temperature show low magnetic moments indicating the presence of a spin-exchange interactions between the metal ions. The values obtained of copper(II) complexes lie in the 1.73-1.85 BM range and corresponds to one unpaired electron. As well as the orbital contributions of cobalt(II) and nickel(II) complexes in the ranges 4.8-4.9 and 2.88-3.22 BM respectively indicating the high spin octahedral structures around Co(II) and Ni(II) ions [23] . The expected enhancement in the values of magnetic moments for cobalt(II) complexes are reasoned from the orbital contribution in the t2g level [23] then supports the octahedral environment around the Co(II) ion, Table 1 .
Electronic Spectral Studies
The ligands L 1 and L 2 exhibited similar spectral features in the UV-Vis region with bands around 255-310 and 330-366 nm, respectively. These absorptions are assigned to a ligand transition (n-π*) and (π-π*). The green solutions of cobalt(II) complexes exhibited weak peaks around 600-800 nm and 677-800 nm assigning to spin-allowed transitions 4 T1g → 4 T2g, 4 T1g → 4 A2g respectively, then confirms the octahedral geometry of CoL complexes. As well as the nickel(II) complexes in DMF solutions displayed spin-allowed transitions at 488-722 nm and 477-766 nm respectively. Furthermore, the copper(II) complexes showed separated low-energy absorptions around 550-760 nm and 390-588 nm which attributed to 2 B1g→ 2 B2g and 2 B1g→ 2 Eg transitions revealing the formation of distorted octahedral around Cu(II) ion [22] [23] . However, the cadmium(II) complexes formed with L 1 showed only absorptions in the 250-350 nm indicating the charge transfer and the aromatic bands of the coumarin ring [23] [24] [25] .
Thermal Analysis
The thermal degradation of Co(II), Cu(II) and Cd(II) complexes was studied using TG-DSC analysis, Table 2 . The data from the thermogravimetric analysis clearly indicated that the decomposition of the complexes proceeds in three or four steps. The hydrated water molecules were lost between 50-63.63 °C in all complexes, Fig. 8-11 . The CuL 1 complex with L 1 ligand showed exothermic peaks over temperatures (122 °C) as indicated by DSC analysis. The corresponding values of the entropy of activation △S*, wherein range -0.547 to -0.480 J mole -1 . The negative values of △H* means that the decomposition processes are endothermic, Fig. 7-8 . 
Structural optimization
To establish the electronic structures of the L 1 and L 2 Schiff base ligands and the corresponding metal complexes with Co(II), Ni(II), Cu(II) and Cd(II) ions DFT computations were employed in the ground state. The geometric structures of the isolated ligands (L 1 and L 2 ) together with their complexes were fully optimized using B3LYP functional. Due to the conjoint of the electronic spectra and magnetic susceptibility measurements, a plausible octahedral geometries suggested for the cobalt(II), Nickel(II) and copper(II) complexes while the cadmium(II) complexes adopt a tetrahedral geometry. The optimized structures of the titled compounds of L 1 and L 2 series were depicted in Fig.  11 and 12 , respectively. The optimized geometric parameters are given in Table 3 . Both L 1 and L 2 ligands behave as a bidentate ligand so far the coordination in L 1 is achieved through the phenoxo O(2), the imine N(2), while in L 2 is occurred via both phenoxo O(2) and O(3) atoms. So, the best possible structures of Co(II), Ni(II), Cu(II) complexes of both Schiff bases have resulted in a distorted octahedral coordination sphere in which two chlorine atoms were coordinated in the axial position of the complexes. On the other hand, the cadmium(II) complexes have a different geometry than the other metal ions with a tetrahedral geometry, coordinating the phenoxo O(2) and O(4) and the imine N(2) and N(4) atoms relevant to L 1 and also phenoxo O(2,4) and carbonyl O(3,5) atoms in L 2 analogue, Fig. 9-10 .
TD-DFT calculations
In order to get deep insights into the electronic transitions and the compositions of the molecular orbitals (MOs), TD-DFT calculations on the optimized geometries were employed by the PCM method, taken in DMSO solution [15] . A contour plot of selected molecular orbital with its density value 0.02 e Bohr -3 are given in Fig.  11 . TD-DFT results showed that upon coordination of both Schiff base ligands to metal ions the energy differences of the frontier molecular orbital HOMO-LUMO considerably decrease so that energy gap in Cu(II) complex of both L 1 and L 2 ligands is lower than those for other compounds. The analysis of the MO compositions revealed that the contributions of metal ions in the higher HOMO levels and lower LUMO levels in L 1 complexes are very negligible, while these contributions are increased in lower HOMO levels (H-4, 14% Co, 13% Ni, 5% Cu and H-10 3% Cd). Also, the compositions in the higher LUMO levels were obtained (L+12, 75% Co, 75% Ni, 72% Cu and L+14, 50% Cd) along with reduced contribution (~18%) of π ligand L 1 . In addition, in L 2 complexes the major contributions for L+14 are (62% Co, 59% Ni, 62% Cu and 45% Cd) and those for H-11 are taken (23% Co, 19% Ni, 19% Cu and 3% Cd) along with reduced contribution of the L 2 ligand fragment about 80% for lower HOMO levels and 36% for the lower LUMO levels. From theoretical findings, it is clear that the most electron density is localized over the almost whole Schiff base and chlorine ligands and metal ions have insignificant participated in major HOMO and LUMO orbital.
The electronic transitions of the titled compounds are carried out using TDDFT/CPCM calculations in DMSO solvent in order to find out more details of the absorption bands about the compounds of this study. The results of TDDFT computations together with the experimental measurements of the metal complexes of both L 1 and L 2 ligand are tabulated in Table 4 and Table  5 , respectively. The calculated singlet-singlet transitions obtained from TDDFT are a reasonable agreement with the experimental ones. Fig. 12 and 13 show the TD-DFT spectra and molecular orbital diagram together with major electronic excited states of the compounds, respectively. The results reveal that the experimental peaks at around 800 nm for CoL 1 and CoL 2 (assigned to 4 T1g → 4 A2g(F)) are not resolved theoretically. A similar observation has been encountered in case of complex NiL 2 where the experimental peak at 766 nm (assigned to 3 A2g → 3 T1g(F)) are not observed in theoretical one which those may be attributed to asymmetry forbidden transition in TD-DFT computations [26] . However, there may be an experimental peak due to vibronic couplings in this case.
The other low energy peak at 568.9 nm of complex CdL 1 cannot be identified from its experimental spectra. 
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Cu (1) As shown in Fig. 13 the HOMOs are of π orbital localized on the different fragments of both L 1 and L 2 . On the other hand, The LUMOs have localized more on π * orbital of the ligands and metal ions orbital play an insignificant role in the HOMOs and LUMOs. So, both these transitions are intra-ligand π → π* in nature, Fig.  12 [27] . According to the results obtained from elemental analysis, spectral, magnetic susceptibility measurements and the TG-DSC analyses, the octahedral geometry around cobalt, nickel, and copper(II) ions. As well as the vibration absorptions obtained from experimental FT-IR were in well-agreement of their theoretical obtained from DFT calculations then support the bidentate behaviors of the two Lewis bases L 1 and L 2 . The optimized structures of all the synthesized complexes were shown in Fig. 11 and  12 and it is obvious that all complexes were octahedral except cadmium(II) which were tetrahedral and the TD-DFT results investigate the experimental data related to spectral analyses.
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